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Notn 

Please type, or write in dark ink 
using CAPfTAL tetters. A 
prescribed fee is payable for a 
request for grant of a patent 
For details, please contact the 
Patent Office (telephone 
071-438 47001 

Rule 16 of the Patents Rules 1990 
is the main rule governing the 
completion and filing of this form. 



© Do not give trading styles, for 
example. Trading as XYZ company', 
nationaiity or former names, for 
example, yormerty (known as) ABC 
Lt'J as these are not required. 



Warning 

After an application for a Patent has 
been filed, the Comptroller of the 
Patent Office will consider wtiether 
publication or communication of the 
invention should be prohibited or 
restricted under Section 22 of the 
Patents Act 1977 and will inform the 
applicant if such prohibition or 
restriction is necessary. Appiicants 
resident in the United Kingdom are 
also reminded that under Section 23, 
applications may not be filed abroad 
without written permission unless an 
application has been filed not less 
than 6 weeks previously in the United 
Kingdom for a patent for the same 
invention and either no direction 
prohibiting publication or 
communication has been given, or 
any such direction revoked. 
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0 Title of invention 
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of the invention 
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□ First or only applicant 
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O Claiming an earlier application date 
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Please mark correct box 



• // you are declaririg priority from a 
PCT Applicatior} please enter 'PCT'as 
the country and enter the country 
code (for oxampie. GB) as part of the 
application number. 

Ptease give the date in alf number 
format for example, 31/05/90 for 
31 May 1990, 



Are you claimtng that this application be treated as having been filed on the 
date of filing of an earlier application? 
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□ number of earlier 
appffcation or patent 
number 



□ filing date 



Q and the Section of the Patents Act 1977 under which you are claiming: 
15(4) (Divisionat)|~| 8(3) Q 12(6)Q 37(4)Q 



0 Declaration of priority 

6 If you are declaring priority from previous application(s), please give: 



Country of filing 



Priority application number 
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Filing date 
(day, month, year) 
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9 An address for senn'ce in the 
United Kingdom must be supplied 
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3b: If you have appointed an agent, all 
correspondence concerning your 
application wHI be sent to the agent's 
United Kingdom address. 
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2|l If YOii are applying as a corporate body please give: 
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M/A 



Country (and State 
of incorporation, if 
appropriate) 



2e If you are applying as an individual or one of a partnership please give in full: 
Surname 
Forenames 



2f In all ca«M, please give the following details: 
Address 



UK postcode 
(if applicable) 



Country 

ADP number 
(if known) 
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Postcode SE^ ILO- 

Agent's ADP 

number 
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United Kingdom to which all correspondence will be sent: 

Name - Pgrgg. MUdMCZS 
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® The answver must be 'No ' //. 
• any applicant is not an inventor 
*here is an inventor who is not an 
applicant or 
any applicant is a corporate body. 



O Please supply duplicates of 
cfaim(s), abstract, description and 
dravving(s). 



Please mark correct boxfes) 



® You or your appointed agent (see 
Rule 90 of the Patents Rules 1990) 
must sign this request. 



Ptemae aign here 



A completed fee sheet should 
preferably accompany the fee. 



e InvBntorshIp 



7 Ar< s you 
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8a Please fill in the number of sheets for each of the following types of 
document contained in this application. 



Continuation sheets for this Patents Form 1/77 
Clainri(s) 



Abstract 



Description 
Drawing(s) 



A- 



8b Which of the following documents also accompanies the application? 



Priority documents (please state how many) 

Transiatton(s) of Priority documents (please state how many) 
Patents Form 7/77 - Statement of Inventorship and Right to Grant 

(please state how many) 
Patents Fomn 9/77 - Preliminary Examination/Search 

' Patents Form 10/77 - Request for Substantive Examination 



® Request 

l/Wo request the grant of a patent on the basis of this application. 
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Date ^ f'^'^iC, 



Pl^msB mum the completed form, attachments and duplicates 
where requested, together with the prescribed fee to either: 



□ The Comptroller 
The Patent Office 
Cardiff Road 
Newport 
Gwent 
NP9 IRH 



Q The Comptroller 
The Patent Office 
25 Southampton Buildings 
London 
WC2A lAY 
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Wavelength-swept fiber laser \vith frequency 

shifted feedback 

S. H. Yun, D. J. Richardson, D. O. Culverhouse, B. Y. Kim* 

Optoelectronics Research Center, Univ. of Southampton S017 IBJ, UK 
Tel :+44. 1703-593 138, Fax:-f44-1703-593142 
e-mail: sy@orc,soton-ac.uk: 
♦ Dept. of Physics, Korea Advanced Institute of Science and Technology, 

Taejon 305-701, Korea 

We report a frequency-shifted, wavelength-swept Er/Yb-doped fiber laser. By matching the 
intra-cavity filter sweep rate to the frequency shift per round trip controllable, high power 
(>100mW), cw modeless output over 38nm, with <0.1nm instantaneous linewidth is obtainecL 
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Wavelength-swept laser.. ^ S. H. Yun, et al. 
Frequency Swept Fibre Lasers (FSFL's) incorporating Acouso-Optic Tunable Filters 

(AOTF's) offer great potential for use in a wide variety of applications e.g. spectral device 
characterization, grating array monitoring and low-coherence optical fibre sensing. However to 
date FSFL's have received little attention within the literature due to the restricted scanning 
ranges (<20nm) and ~ Inm instantaneous linewidths previously achieved [I]. 

In this paper we demonstrate a diode-piimped, high-power (>100mW), wavelength- 
swept, FSFL in which the outpul wavelength is continuously and repeatedly tuned over a broad 
range (upto 38nm) by modulation of the intracavity AOTF peak- wavelength. Furthermore, we 
demonstrate for the first time that resonant matching of the filter peak sweep rate to the acousto- 
optic frequency shi ft per round trip suppresses the nonlinear pulsing observed in conventional 
firequency-shift lasers [2,3], and results in significant narrowing of the instantaneous swept 
linewidth (<0,lnm). 

Fig.l shows the 1 9m ring laser cavity incoix>orating a bulk-optic AOTF (4 nm 
bandwidth, 68 MHz firequency upshift). The acoustic drive to the device was controlled with a 
phase-locked loop, with fast/independent electrical control of the acoustic power and 
firequency. Using two phase-locked, arbitrary fiinction generators we could therefore 
synchronously, and indejjendently temporally control the peak transmission and wavelength of 
the filter. 

We investigated the laser perforaiance under swept operation of the AOTF for a number 
of sweep ranges, fimctions and rates. The time averaged laser output was monitored using an 
OSA and the instantaneous linewidth determined by examining the temporal response of the 
laser output on reflection firom a narrowband (7 GHz) fibre grating. In particular we investigated 
sweep rates around the resonant case in which the filter peak is moved so as follow the 720 
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Wavelength-swept laser..., S. H. Yun, et al. 
GHz/ms firequency shift imposed by the AOTF. For a 20nin sweep range this corresponds to a 

sweep rate of -288 Hz. In Fig.2 we plot measxiremerLts of the instantaneous linewidth as a 

function of sweep rate for the 20nm sweep range case. The results clearly show a strong spectral 

narrowing at the resonant sweep rate in excellent agreement with our theoretical expectations. 

Moreover, the laser's natural tendency to pulse [3] was suppressed. On resonance linear 

radiation moving under the filter peak experiences the lowest system loss making cw operation 

the preferred mode. 

Figs 3a shows the peak-hold spectrum obtained by resonant tracking of the acoustic 
firequency shift over 20 nm for a fixed acoustic power. The sweep firequency and the output 
power were 290 Hz and 100 mW, respectively. The spectral shape and ouqjut power were 
almost independent of the sweep rate up to 7 kHz. Sweep ranges >38nm were readily achieved. 
In Fig 3.b we show that control of the spectral form can be achieved with synchronous 
firequency and amplitude modulation- Triangular and square wave modulated forms were 
chosen for this purpose. 

In summary, we have reported a wavelength-swept fiber laser with upto 38 nm sweep 
range, <0.1-nm instantaneous linewidth, user definable spectral shape, and >100-mW ou^ut 
power. We believe such sources to have great potential for use in applications requiring accurate 
spectral control, or measurements* 
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Figure Captions 



Fig. 1. Experimental wavelength-swept fiber laser with spectral analysis set*up. 

Fig 2. I n stantaneous linewidtfa: (a) Filled and Open circles are experimental values at 3 mW and 
100 mW output power, respectively. The dotted lines are theoretical fits, assuming the 
dependence of (/_,^ -/^^,)^'' with /^„p,,=288 Hz [2], 

Fig 3. Peak-hold spectrum of the laser output: (a) AO frequency swept fi^om 68 MHz to 69 MHz 
at fixed RF power giving flat spectral output over 20nm, G>) triangular and square modulated 
output obtained by synchronous modulation of the filter transmission and peak wavelength. 
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